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Take down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. Download date: 28. Aug. 2018 The fungicides vinclozolin and iprodione are widely used in agriculture. These pesticides are dicarboximide fungicides containing the common moiety 3,5-dichloroaniline (3, . It has been suggested that low-level exposures to such compounds may be associated with adverse health effects such as endocrine disruption.
In this study a method using liquid chromatography triple quadrupole mass spectrometry (LC-MS/MS) was developed for the analysis of 3,5-DCA as a biomarker of exposure to these fungicides in human urine. The urine samples were treated by basic hydrolysis to degrade the fungicides, their metabolites and conjugates to 3,5-DCA. The 3,5-DCA was then extracted using toluene and derivatized using pentafluoropropionic anhydride (PFPA). Analysis of the derivative was carried out using selected reaction monitoring (SRM) in the negative ion mode. Quantification of the derivative was performed using [ 13 C 6 ] labeled 3,4-DCA as an internal standard with good precision and linearity in the range 0.1-200 ng/mL urine. The limit of detection was determined to 0.1 ng/mL. The metabolites in urine were found stable at storage in -20°C. To validate 3,5-DCA as a biomarker the method was applied in a human experimental exposure to iprodione and vinclozolin. Two healthy volunteers received 200 μg single oral doses of each pesticide followed by urine sampling during 72-120h post exposure.
Between 78-107 % of the dose was recovered as 3,5-DCA in the urine after exposure.
The dicarboximide fungicides vinclozolin, iprodione and procymidone are commonly used for the control of diseases on fruits, vegetables, ornamental plants and turf grasses. Human exposure to these fungicides can occur from occupational use but the general public may also be exposed via ingestion of contaminated produce.
Vinclozolin has been classified as an endocrine disrupting chemical and it has been suggested that low-level exposures may be associated with adverse health effects. Vinclozolin is an androgen receptor antagonist with effects shown in adult, pubertal and neonatal rodents. [1] [2] [3] [4] In addition, epigenetic transgenerational effects have been observed in rats. 5 The US EPA suggests that vinclozolin-induced malformations of the male reproductive tract are highly plausible to occur in humans. 6 However, only one report on human effects has been published and in that no antiandrogenic or reproductive effects were found after occupational exposure to vinclozolin. 7 Iprodione is chemically similar in structure to vinclozolin but there are few reports on its toxicity. In a study on rats by Gray et al., 8 no maternal or fetal endocrine toxicity was observed. The two fungicides contain the common moiety 3,5-dichloroaniline (3,5-DCA), which also has been found as a metabolite after exposure, this isomer has been shown to be nephrotoxic. 9 A prerequisite for epidemiological studies, and for determination of exposure-response relationships, is an accurate measurement of exposure. There is a lack of human exposure and effect data for fungicides overall, including iprodione and vinclozolin. Therefore, reliable analytical methods are required. Several analytical methods have been presented on measurement of metabolites in biological samples.
The use of 3,5-DCA as a biomarker has been suggested for several of the dicarboximide fungicides such as vinclozolin, iprodione and procymidone. Several LC methods with UV or EC detection have been reported for determination of DCA in human urine 10, 11 or in biological samples from mouse, rat and rabbit. 12, 13 Although these methods may be applicable for high occupational exposures, they are insufficient for assessment of low-level exposures in the general population. More sensitive methods for determination of DCA have also been presented, then utilising gas chromatography with MS detection. [14] [15] [16] [17] [18] [19] Several of these methods are rather laborious but with sufficient detection limits. Also, the use of the more robust LC-MS/MS techniques for determination of aromatic amines after derivatization using PFPA in biological samples has been described. 20 However, no data has been published on DCA analysis using LC-MS/MS. with screw caps (Sarstedt, Numbrecht, Germany) were used for storage of urine samples and in sample preparation.
Instrumentation
The analysis of the samples was performed using a triple quadrupole mass spectrometer with electrospray ionization (ESI) on a turbo ionspray source (API 3000, Applied Biosystems, Foster City, CA, USA) coupled to a liquid chromatography system from Perkin Elmer 
Preparation of standards
Stock solutions were prepared by dissolving accurately weighed amounts of 3,5-DCA and 
Analysis
Immediately prior to analysis the analytical vials were centrifuged for precipitation of particles. Four μL was injected on a Rapid Resolution Zorbax Eclipse XDB C 18 column (2.1 mm x 50 mm, 1.8 μm particles; Agilent, Palo Alto, CA, USA). The mobile phase consisted of water and methanol, both containing 0.5% acetic acid. The separation was carried out using a linear gradient starting from 60% to 98% methanol in 6 min, followed by 1 min isocratic flow at 98% methanol. The flow rate was 0.2 mL/min. The gradient was optimized for peak separation of the DCA isomers: 2,6-DCA, 3,4-DCA and 3,5 DCA. Concentrations were determined by peak area ratios of 3,5-DCA and [ 13 C 6 ]-3,4-DCA. All samples were prepared in duplicates and each of these samples was analyzed twice. The mean value was used in further calculations.
Method validation
The limit of detection (LOD) was determined as defined by Miller and Miller 23 as the analyte concentration giving a signal equal to the blank signal plus three times the standard deviation of the blank signal. The mean concentrations of the peak at the same retention time as derivatized 3,5-DCA plus three times the standard deviation of the means were determined in
To evaluate the degradation of the fungicides, their metabolites and possible conjugated metabolites to the common moiety 3,5-DCA, urine samples were treated with basic hydrolysis. Urine samples (1.0 mL) from the experimentally exposed volunteers (see below)
were treated by hydrolysis at 5M NaOH. The samples were heated at 100°C for 0.5, 1, 2, 4h and analyzed with the described method. Also, blank urine samples (1.0 mL) were spiked with 10 ng of vinclozolin, iprodione or 3,5-DCA. The samples were then hydrolyzed at 1 or 5M NaOH. The samples were heated at 100°C for 2, 4, 6, and 24h and analyzed with the described method.
The repeatability of the method was determined by analyzing 10 urine samples spiked with 1.0 ng and 10 ng of 3,5-DCA respectively. The samples were analyzed in one analytical sample set and during one day. The reproducibility of the method was determined by comparing quantified concentrations in duplicate samples. The samples were prepared and analyzed in different analytical sample sets and on different days.
The stability of the urine samples after a long-term storage at -20°C was determined by reanalyzing urine samples from the experimentally exposed volunteers (see below). The urine samples from the iprodione exposure were stored for 12 months after the first analysis. Five samples from the female volunteer and 5 from the male volunteer were selected for reanalysis.
The urine samples from the vinclozolin exposure were stored for 7 months, 5 samples from the female volunteer and 5 from the male volunteer were reanalyzed.
Subjects
Two healthy volunteers, one female (age 61; weight 54 kg) and one male (age 36; weight 75kg), participated in the study. They had given their written informed consent to participate in the study. The study was approved by the ethics committee at Lund University, Sweden (721-1395-05Mm).
Human experimental exposure
Two experimental exposures were performed with iprodione and vinclozolin at two occasions with a three-month interval. An accurately weighed amount of iprodione (analytical grade) was dissolved in 10 mL of ethanol. An aliquot of the ethanol solution containing 200 μg iprodione was added to 200 mL of orange juice. The two subjects received a single oral dose.
All urine voided was collected. The first urine sample was collected immediately prior to the dosing and then in intervals ad libitum during 120h post exposure. The dose of iprodione corresponds to 6% of the ADI for the female subject and 4% for the male subject. The ADI for iprodione suggested by the European Union (EU) is 0.06 mg/kg/day. In every urine sample, the volume, density and creatinine levels were determined. The creatinine levels were analyzed using an enzymatic method described by Mazzachi et al. 25 A hand refractometer was used for determination of the urine density. The urine concentrations adjusted for density were calculated as C d =C(obs)*(1.016-1)/(ρ-1). The C d is the corrected concentration, C(obs) is the observed concentration, ρ is the specific density and 1.016 is the assumed average density as described by Boeinger et al. 26 The urine samples were stored at -20°C until sample preparation and analysis.
The half-life of elimination in urine was estimated from the slope of the curves in the log-linear concentration versus time plot. The urinary concentration was given at the mid point time between two sample collection times. The slope was calculated in two intervals between approximately 4h -30h and 28h-72h after the dose was given. The adjustments for urinary dilution using creatinine and density were compared.
RESULTS AND DISCUSSION

Analysis
Analysis of DCA without derivatization yielded a poor signal using ESI LC-MS/MS in both positive and negative ion mode. After derivatization using PFPA, a dramatic increase in sensitivity was observed in the negative ion mode. A product ion spectrum after CID of the 
Method validation
The LOD in this study was determined from the analysis of 10 water blanks. The LOD for the LODs using GC-MS. [14] [15] [16] [17] [18] [19] The calibration curves were linear in the range 0.1-200 ng/mL urine. The calibration curves with r>0.99 were obtained from the peak area ratios between the analyte peaks and the internal standard peaks from blank urine samples spiked with known concentrations of 3,5-DCA.
The reproducibility of the method was determined from duplicate analyses of samples from the experimental exposure. The coefficients of variation (CV) were 11% at the mean concentration of 3 ng/mL (n=66, range 0.3-8 ng/mL) and 6 % at the mean concentration of 54 ng/mL (n=38, range 9-180 ng/mL). second subject non-occupationally exposed to DCA/pesticides. The quantified levels were at the limit of detection for 3,5-DCA, 0.1 ng/mL.
The repeatability of the method was determined from spiked urine samples. At 1 ng/mL, the repeatability was 10% (n=10) and at 10 ng/mL it was found to be 5 % (n=10). Urine samples from the experimentally exposed volunteers were hydrolysed in 5M NaOH for 0, 0.5, 1, 2, 4h. In samples from the iprodione exposure, no free 3,5-DCA was found in the urine at time=0. The maximum 3,5-DCA concentration was reached after 4h of hydrolysis at 100°C.
In samples from the vinclozolin exposure, about 5% free 3,5-DCA was found. The maximum 3,5-DCA concentration was reached after 0.5h of hydrolysis.
Urine samples were also spiked with vinclozolin, iprodione and 3,5-DCA and hydrolyzed at 1 and 5M NaOH. When urine was spiked with vinclozolin and iprodione, the maximum 3,5-DCA concentration was seen after 2h at 5M NaOH. Thereafter, a degradation was observed.
This degradation was also observed when urine spiked with 3,5-DCA was hydrolyzed at 5M NaOH. After 24h, less than 5% of the maximum 3,5-DCA levels were observed. Therefore, it is recommended that the samples are not hydrolyzed longer than 2 h.
The stability of urine samples when stored at -20°C was determined by reanalyzing urine samples from the experimentally exposed volunteers. Samples from the iprodione exposure were stored for 12 months whereas samples from the vinclozolin exposure were stored for 7 months between the two analyses. No degradation could be observed of either of the compounds. (Figure 3 ) It has been proposed that vinclozolin may not be stable in aqueous solutions. 27 It has also been shown that vinclozolin may be degraded to the metabolites 2-
oxy]-2-methyl-3-butenoic acid, and 3,5-dichloro-2-hydroxy-2-methylbut-3-enanilide at physiological conditions in rat plasma. 12 It is possible that both iprodione and vinclozolin and their metabolites are degraded in urine during storage.
However, the possible degradation products seem to be converted to 3,5-DCA after hydrolysis. It is therefore possible that the choice of 3,5-DCA as a biomarker could circumvent a stability problem of these fungicides and their metabolites. 
Human experimental exposure
Iprodione
In urine sampled before the experimental exposure, the urinary 3,5-DCA concentrations were 0.4 ng/mL for the male subject and 5ng/mL for the female. This indicates a low level environmental exposure. After the oral ingestion of 200 μg iprodione in 200 mL orange juice, the urinary levels rapidly increased. The maximum 3,5-DCA concentrations were reached after 5h and were 99 ng/mL for the female volunteer and 168 ng/mL for the male volunteer.
The half-life of elimination in urine was estimated from the slope of the curve in the loglinear concentration versus time plot. The results are shown in Table 1 . It is suggested that 3,5-DCA is excreted in urine following first order kinetics and a two compartment model. The recoveries of 3,5-DCA in urine during the first 24h were 70% and 63% for the female and male volunteer respectively. After 120h the total recovery was 92% and 78%.
Vinclozolin
The urinary concentrations of 3,5-DCA before exposure was 1 ng/mL for the male subject and 0.2 ng/mL for the female. After the oral ingestion of 200 μg vinclozolin in 200 mL orange juice, the urinary levels rapidly increased. The maximum 3,5-DCA concentrations were reached after 4h, and were 178 ng/mL for the female volunteer and 156 ng/mL for the male volunteer. The urinary elimination of 3,5-DCA for the male subject is shown in Figure 4 . The estimated half-life of elimination in urine is shown in Table 2 . It is suggested that 3,5-DCA is excreted in urine following a first order kinetics and a two compartment model. The plot for the male subject is shown in figure 5 . The recoveries after 24h were 82 and 99% for the female and male volunteer, respectively. After 72h, the total recovery was 98 and 107%. 
General discussion
This study is limited to two individuals. Therefore it is difficult to draw conclusions about interindividual differences in the toxicokinetics of vinclozolin and iprodione. However, to our knowledge no similar studies have been published before, and the presented study may
give some important indications of human metabolism and basic elimination kinetics. In this study one male and one female subject were included and they showed a similar excretion pattern of the fungicides.
There has been a discussion for a long time on the topic of urinary dilution but no clear solution has been presented. A common method has been to use creatinine. However, creatinine levels in urine may be affected by several factors such as gender, age, muscularity, consumption of meat. In a study including both genders, it was found that the female participants had 34% lower creatinine levels. 28 A similar result was also observed in this study; the mean creatinine level for the female subject was 29% lower than the male. The male also produced a 36% larger total urinary volume than the female subject.
This study indicates that an adjustment for the urinary dilution is recommended but both creatinine levels and urinary density may be applicable. However, since both male and female subjects often are and should be included in exposure assessment studies, a suggestion would be to use density for urinary dilution adjustments when applicable.
An important aspect in the validation of a biomarker is the specificity to the source of exposure. Although not investigated in this study, 3,5-DCA has also been suggested to be a biomarker of exposure to procymidione and chlozolinate. 15 The presented method cannot distinguish between an exposure to the different fungicides. However, 3,5-DCA can be considered to be a very useful index of exposure for fungicides in the dicarboximide group.
There are several DCA isomers that are widely used and are important intermediates in the manufacture of dyes, pharmaceuticals and other pesticides. It has been suggested that 3,4-DCA is a biomarker for the herbicides diuron, linuron, neburon, and propanil. 15 In this study it was also observed that high levels of 2,6-DCA could be found after administration of the antiinflammatory diclofenac. (data not shown). In the production of azo dyes, DCA are used, however, to our knowledge the 3,5-DCA isomer does not seem to be commonly used. Figure   1 clearly shows that the isomers 3,5-DCA, 3,4-DCA and 2,6-DCA are easily separated on the analytical column and should not interfere between each other.
The ethics of the use of controlled human experimental exposure can be discussed.
However, with the rapid development of advanced LC-MS/MS techniques, experimental exposure studies to pesticides on volunteers can be conducted with exposure doses far below the recommended ADI. The exposure levels in this study are in the same magnitude as the general population can be exposed to from food. According to the Swedish national food administration, iprodione and vinclozolin remnants are among the ten most often detected pesticide residues in food. Considering this, the ethical issues should be minor.
CONCLUSIONS
A method using LC-MS/MS for the analysis of 3,5-DCA in hydrolyzed human urine has been developed. The method has a good precision and the samples are stable for up to one year of storage. In a human experimental exposure study to vinclozolin and iprodione it was shown that 3,5-DCA levels in urine rose after exposure. Between 78 and 107 % of the dose was recovered as 3,5-DCA. It is suggested that the elimination in urine may follow first order kinetics and a two compartment model. The elimination half-lives was estimated to be in the range 5-7 h and 19-27 h, respectively. Although this study is limited to two individuals it
gives an important indication of the human elimination of vinclozolin and iprodione. This information is valuable in the assessment of exposures and in the interpretation of biomarker levels.
